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2177738 



Control of Drilling Courses in the Drilling 
of Bore Holes. 



Field of the invention . 

This invention relates to the control of drilling courses 
in the directional drilling of bore holes, for example in 
the fields of oil extraction, oil exploration, mineral 
exploration and geothermal energy extraction. The 
invention is concerned with apparatus for use in rotary 
drilling, rather than turbine drilling which uses down 
hole motors. 

background to the invention. 

Currently, course control with conventional rotary 
drilling is particularly difficult and time consuming, 
other than for purely vertical bore holes. However, 
rotary drilling has the potential to be very attractive in 
directional drilling since it is economical. In fact, 
many drillers revert to conventional rotary drilling when 
drilling the inclined tangent section of directionally 
drilled bore holes, despite the associated difficulties. 
A typical assembly of drill string components near the 
bottom of a bore hole may consist of a drill bit, drill 
collars and stabilisers, this being known as a bottom hole 
assembly. A drill collar is a heavy drill pipe whose 
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it is to transmit the drilling torque and axial 
function it. to ^ ^ e weight and 

*v.rust to the arm Dit 

to previa, a connection to the other drill .tnng 

P , ., h M ls .r is a device which is 

components above. A stabiliser 

approximately the same diameter as the bore hole 
t". to centralise the drill collar in its 

• of drill collar, stabilisers and the drill bit 
""CI e b ewed connectors. An aim or the invention 

^ attainment and/or maintenance or desire, , d, : ^ 

* Mans which provide a controlled 
courses by the use of means wnxen y 
:: f "mation or displacement to the drill strm 9 . 

e »rv of the invention. 

According to one aspect of the invention apparatus for 

Electing a rotatable drill collar used in rotary 

d r lin comprises actuating msans which do not rotate 

1 thl collar and which are operative to apply a 
I tr" a laterai force or dispiacement to the drl X 
Ixxar in order to deflect the latter to controX the 
J ctio of drilling, the actuating means and the control 
Zrelf being down hole. In use, the actuating means are 
T !* Tn the bore hoie, the wall of which provides a 
rotl to the deflecting f orce applied to the driXX 
collar . 

* actuating means preferabXy apply controlled forces to 
Z 2 o Uar in each of two orthogonal directions, so 

Tat a defection of any magnitude and in any radial 
a ire= t ion can be appiied by the actuating means to the 
directs , t control over the 



to rower extremity of the drill colXar. 

According to another aspect of the invention driXlin, 
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arises a rotatable drill collar, a drill bit 
apparatus comprises a rut 

carried by the end of th. drill collar, two spaced 

I/ac. Use s which act to locate the drill collar .ithin a 

^ r e hole being drilled and down hole control means for 

controlling the drilling course, the control 

comprising sensing «.». for sensing the actual drilling 

course information storage means for storing a 

ermined reguir.d drilling course, comparison mean 
L comparing the sensed course with the required course 
a for delivering an error signal in dependence upon the 
Tison and actuating means which do not rotate with 

tree 1=/ ana which apply a controlled lateral force or 
tne collar ^ ^ deflect the 

displacement to the drill drilling 
latter between the spaced stabilisers to y 
course in dependence upon said error signal. 

_»n= m-eferably sense direction and 
The sensing means preferan y nM ,„ to the earths 

inclination of the bore hole course relative to 
magnetic and gravitational fields respectively. 

^ actuating means preferably include a specially adapted 
\Ll stabiliser which may be located between said 
ed s abU sers which may be conventional stabilisers 
T of the spaced stabilisers will be located close to the 
n r Uin -Vhe "near bit stabilis ^ 
> Really 30 to 100ft (9 to 30 metres) behind. The 
" \ stabiliser controls the drilling direction by 
defile it -ill collar through controlled magnitudes 
in controlled radial directions, using the two spaced 

abilisers as support points. Thus when 
doling direction is required, the deflection of the 
drilling in a change in the angle of the 

dl »in t restive to the current direction of the bore 
drilling reS ults in a change in 

hole. This change in angle results in 

drilling direction. 

The information storage n*ans may be provided with 
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in£otma tion which relates to the aesirea 
inclination of the bore hole course, ana also to the 

desirea curvature o£ the bore hole aunn, the 
M, " U ". d " tn e initial bore hole course to the 
"^Toor hoi co se. Information can be suppliea to 
5 £ o " tion storage means either -hen the latter is on 

t: ;: : o « Lim* or .„ .u- aunn, 

operation -hen a course chan g e may be reguired. 

When on the surface, an electrical contact 
10 r t h the inflation storage means ^ ^"IZ 

• ,„ Rotation of the drill collar in the 
£ ° UOW :: 9 o r he o stabiliser can readily be aetectea 

r in Par s o£ the control stabiliser are normally 
" I.! onar Xn its simplest for, this couia be counting 
ure Dulses fro. the reciprocating hyaraulic pump. 
Zl In it is reguired to supply information a timea, 

«f drill string rotations and stop 
co ded seguence o 1 J ^ ^ ^ 

20 ""^r Th s an be recognised -d the information 

surface. Tnis c receive information 

fl2>nc nan he triggered into a re^exv^ 
Qtoraae means can ue 

!I A following timed seguence of drill string 
: o tio s top rotations, or reverse rotations proves 
25 "reguirea information of direct, ,n. inclination ana 
=-ature which is recognise, > an s or y 
information storage means. Alternatively, 
rotation of the drill collar could be sensed from the 
rotation generator driven by 

voltage produced by an electrical ge 

30 rotation of the drill collar. 

^ of suoDlYing information is to lower 
^ alternative method of suppj-yj-"y 

An alternati a progratTUner unlt by 

down the inside of the crux 
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.Metrically conductive line. The information 

to the programmer unit and the required information 
«.llt J by a timed sequence of electrical and magnetic 
5 or acoustic pulses. 

Th e comparison means and the subsequent generation of 

Lais to drive the actuating means are generated by an 
llZZl ^ is stored and processed eUctronicaUy. 

»»n« deflects the drill collar, in the 
The. actuating means aeriects <- 

f the control stabiliser, in two orthogonal 
10 rurc^n . — «- --red magnitude and 

d re t on of deflection. The forces to produce these 

p . ovi oed by flexible tubes or bags 

• *d deflections are obtained. A measure of the 
15 I:::! deflections are . forces which are applied „y 
^actuators since the essence of the contro i t 
deflect the drill collar between, and relative , 
convent ional stabilisers in the bottom hole assembly. 
Z .. forces are functions of the hydraulic fluid 
20 " su « ich are applied to the actuators. Signals 
Z t ng fro, the measurement of these pressures are 
utilised by the control means, as feedback signals 
inciting the attained magnitude and direction of 
25 deflection of the drill collar. 

• r, hvdraulic fluid flow and pressures may be 
Tea by a s e reciprocating pump or pumps which 

r:: i «~ *. - ti , arm o f «- 

hydraulic fluid is e X erciae ; , by suitable va ves whi * 
30 divert the fluid flow in accordance 
generated by the comparison means. 
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The actuating means may include devices other than tubes 
or bags to apply the controlled lateral force to the drill 
string. For example, it may be possible to use piston and 
cylinder devices but the confined space available makes 
5 fluid tubes or bags the preferred construction. 

Drilling apparatus according to the invention will now be 
described by way of example with reference to the 
accompanying drawings in which:- 

Pigure 1 is a diagranJtic view of the bottom hole assembly 
10 of drilling apparatus according to the invention, 

Figure 2 is a detailed view, on an enlarged scale, of part 
of Figure 1 , and 

Figure 3 is a sectional view on the line III III of Figure 
2. 

n..»n«d descrip tion of the drawings. 

15 Referring to Figure 1, the drilling means comprise a drill 
collar 10 carrying at its extremity a drill bit 12. 
collar 10 is supported and centred in the bore hole 14 by 
two spaced stabilisers, namely a near bit stabiliser 16 
and a far bit stabiliser 18. Between the stabilisers 16 

20 and 18 is located a control stabiliser 20 which applies to 
the drill collar 10 a controlled lateral force or 
displacement (indicated by arrow 22) in order to deflect 
the latter between the spaced supports constituted by the 
st abilisers 16. 18. Figure 1 illustrates the undef ected 
25 drill collar at 24 and the deflected drill collar at 26, 
th change in drilling direction being indicated by the 



angle 28. 



Fiaure 2 shows a half section through the control 
stabiliser 20. on an enlarged scale. Referring to Figure 
2 the control stabiliser 20 has a housing 31 which 
5 contains the sensing means, information storage means and 
comparison means, together with batteries, hydraulic pum . 
, sl es and other equipment necessary for the operate of 
the actuating means. The batteries are for powering the 
^c^onic and other equipment associated with the control 

l0 means. The hydraulic pump is driven from £ 

~ *e t-Ho rplative rotation Decween 
drill collar by virtue of the relative 

the rotating drill collar and the normally statronary 
housing. 

which is externally similar 
The wall contact assembly 33, wnicn 
» Z a conventional stabiliser, provides the reaction to he 
adial force applied to the drill collar by means of the 
actuator assembly 34. The wall contact assembly may 
r o ate with the drill collar, in which case the forward 
" nt 35, which is connected to the wall contact assembly 
3 .•><<, a—anaed to allow angulation about 

20 by a nose casing 36, is a„angeo 

axes normal to and passing through the axis 
=ol ar, while preventing rotation about the axis of he 
drill collar and minimising radial and axial movement. 
Bearings 37 connect the rotating -all contact assemb y 

25 : : 9 he ^ °* r ~ n 

coupling 38. an actuator casing 39 and an anti-rotation 
aevice 40. The angulation coupling 38 is simila n 
performance to the forward joint and ailows 
about axes normal to and passing through the the 
30 drill collar but prevents relative rotation about the axis 
of the drill collar and prevents all relative 
of the aril anti-rotation device 40 is 

translational movements. The antl 
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designed to apply radial force to the bore hole wall 
and provide torsional resistance preventing rotation, 
while having minimal resistance to axial movement. 

The housing 31 is connected rigidly to an actu .tor bridge 
5 member 41. This assembly is located onto the drill collar 
by m eans of spaced bearings 42. This assembly is also 
connected to the actuator casing by means of a rear joint 
43 which has the same properties as the forward joint and 
similar properties to the angulation coupling. 

10 The actuator assembly 34 consists of four individual 

actuators 44. These actuators 44 lie within the annular 

pa between the actuator casing 39 and the actuator 

^idge member .41 and each actuator is disposed at equal 

intervals around the periphery, as best shown in Figure 3. 

.-.nt of the drill collar relative to the wall 
15 The movement ot tne 

contact assembly is achieved by applying different 

in a controlled manner, to each of the four 
pressures, in a contiun^ 

actuators 44. 

£ orm of the actuators could be a flexible hose or tube 
20 Z or a variation thereof, with one end blanKed off and 
„e other end oonneoted to a hydraulic supply and return 
Dloe The flexible material could be woven Pll™«|« l4w , 
' y lon coated with a suitable elastomer such as VitoaT^^ h ,„ 

25 46 reserved for the actuators, as shown in naure 3. I- 
„e neutra! position the cross section of ..eh tube 44 
would be partially flattened. As hydraulic fluid is 
Tool led to any one actuator it has the tendency to return 
to its circular cross section and hence , radia! force is 
30 p d at the actuator location which is dependent on the 
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hydraulic fluid pressure and the cross sectional geometry 
o- the actuator. Provided the actuator diametrically 
opposite to the actuator being filled is allowed to vent, 
the actuator bridge member 41 and hence the drill collar 
10 will be moved radially with respect to the actuator 
housing. The use of four actuators allows the actuator 
brid ge member 41 to be positioned at any location relative 
to the actuator housing only within the limits of maximum 
radial movement. 

An alternative *»de of operation of this form of the 
invention is with the wall oontaot assembly not rotating 
„ it h the drill collar. In this oase the forward joint 35 
is located on the drill collar by means of a bearing 
assembly 45 and the bearings 37 are locKed to provide a 
ri gia connection. It may be useful to configure this form 
of the invention so that the modes of operation can be 
interchanged by means of simple adjustments. With the 
wall contact assembly not rotating it may be that the 
an ti-rotation device is not retired, this function being 
provided by the wall contact assembly itself. 

Attention is drawn to the applicants ■ specification OB-A- 
2172325 which discloses similar subject matter. 
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CLAIMS 



1 Apparatus for deflecting a rotatable drill collar used 
in rotary drilling, comprising actuating means which do 
not rotate with the collar and which are operative to 
apply a controlled lateral force or displacement to the 
drill collar in order to deflect the latter to control the 
direction of drilling, the actuating means and the control 
thereof being down hole. 

2 Apparatus according to Claim 1. wherein the actuating 
means apply controlled forces to the drill collar in each 
of two orthogonal directions, so that a deflection of any 
magnitude and in any radial direction can be applied by 
the actuating means to the drill collar. 

3 Drilling apparatus comprising a rotatable drill 
collar, a drill bit carried by the end of the drill 
collar, two spaced stabilisers which act to locate the 
drill collar within a bore hole being drilled, and down 
hole control means for controlling the drilling course, 
the control means comprising sensing means for sensing the 
actual drilling course, information storage means for 
storing a predetermined required drilling course, 
comparison means for comparing the sensed course with the 
required course and for delivering an error signal in 
dependence upon the comparison, and actuating means which 
do not rotate with the collar and which apply, a controlled 
lateral force or displacement to the drill collar in order 
to deflect the latter between the spaced stabilisers to 
vary the drilling course in dependence upon said error 
signal . 



- 11 - 



to Claim 3, wherein the 
gravitational fields respectively. 

3 wherein the 

s 5 . filing T^o/triUse; *U* «»- 

gating % or .sp-e. ana -hich is 

10 therein the inform^ to ^ ^ 

information whrch " lateS and also to the 

lncli „ation of the boc. ole cou ^ ^ ^ 

desired curve u of ^ ^ ^ ^ 

transition from the mitia 
, 5 aesired bore hole course. 

Dacat .s according to any of the preceding 

is obtained. 

9 0 

riaim 1 , wherein the 

reguired hydraulic ^ w * lch are driven fro. the 

By a reciprocating pump or pump 
rotating drill collar. 

DD arat.s according to Claim 8 as appendant 

comparison means. 
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3t .. s constructed and arranged 
10 . Drilling apP^ra^^ descrlb ed , 

substantial^ . drawings, 

reterence to the accompanying 



